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^  The  HLA-D  region,  encoding  class  II  antigens,  was  first  defined  based  on 

studies  of  alxed  leukocyte  culture  (MLC)  (Bain,  et  al*  1964;  Bach  and 

c 

Hlrschhorn,  1964).  In  our  own  studies  with  colleagues  (Amos  and  Bach,  1968; 
Bach,  et  al.  1969),  we  were  able  to  suggest  that  a  genetic  region  encoding 
■olecules  that  atlaulate  proliferation  In  MLC  may  be  linked  to,  but  separata 
from,  the  HLA-A  and  -B  loci,  l.e.  a  region  such  as  HLA-D;  definitive  studies 
In  this  regard  (Yunls  and  Aaos,  1971)  established  the  existence  of  the  HLA-D 
region. 

Great  advances  have  been  aade  In  our  understanding  of  this  region  In 
recent  years  utilising  both  the  tools  of  molecular  genetics  and  studies  of 
proteins  encoded  by  HLA-D  genes.  A  critical  bridge  that  has  not  yet  been 
coapleted  concerns  the  relationship  of  class  II  genes  and  protein  product e  to 
determinants  recognised  by  T  lymphocytes,  l.e.  the  cells  responding  In  MLC. 
Although  the  emphasis  In  this  review  will  be  on  studies  of  proteins  and  of 
DNA,  an  Introduction  to  this  article  also  Includes  our  current  state  of 
knowledge  regarding  definition  of  class  II  products  with  T  lymphocytes.  We 

accept  the  Invitation  of  the  editor  primarily  to  summarise  our  own  work 

\, 

without  reviewing  the  literature  In  the  field ;^the  Inclusion  In  this  volume  of 
several  articles  on  the  same  topic  allows  a  measure  of  comfort  with  such  an 


approach.  ^ 

t  ' 
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Genomic  Structure  of  the  HLA-D  Region  and  the  Protein  Products 

As  reviewed  In  detail  elsewhere  (Bach,  1985,  Kaufman  et  al.,  1984),  there 
are  three  families  of  genes,  DR,  DQ  and  DP,  in  the  HLA-D  region.  The  DR 
family  Includes  one  a  gene  and  three  8  genes;  the  DQ  and  DP  regions  each 
include  two  a  genes  and  two  0  genes.  How  many  of  these  genes  are  expressed 
for  each  family  Is  uncertain;  however,  it  would  appear  that  at  least  two  and 
perhaps  three  different  0  genes  of  DR  are  expressed.  There  have  been 
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suggestions  that  two  separate  products  of  both  DQ  and  DP  can  be  expressed, 
although  evidence  in  this  regard  is  sparse. 


Proteins  encoded  by  class  II  genes  are  expressed  ae  ag  heterodimers. 

Beta  chains  of  DR  presumably  associate  with  the  protein  product  of  the  DR  a 
gene,  with  intra-family  ag  associations  also  taking  place  for  DQ  and  DP.  To 
what  extent  an  a  chain  of  one  family  can  associate  with  g  chains  of  a 
different  family  is  not  established. 

Class  II  Phenotyplng  with  Alloantlaera  and  Homozygous  Typing  Cells  (HTCs) 

The  relationship  of  HLA  to  T  lymphocyte  reactivity  has  been  established 
by  demonstration  of  the  requirement  for  determinants  on  HLA  molecules  for 
restricted  recognition.  However,  the  relative  ease  of  obtaining  alloantlaera, 
aa  well  as  the  simplicity  of  the  techniques  utilizing  such  reagents,  has  led 
primarily  to  serological  definition  of  determinants  (which  we  shall  refer  to 
aa  la  determinants)  associated  with  both  DR  and  DQ.  DR  family-associated  la 
determinants  can  be  divided  into  two  series  based  on  their  population 
distributions;  recent  evidence  potentially  relates  them  to  different  ag  dimers 
of  DR.  The  DR1  thru  DRwlA  specificities  are  thought  to  be  associated  with  one 
of  the  DR  dimers,  arbitrarily  agj,  whereas  as  the  DRw52  and  DRw53  (previously 
referred  to  as  MT2  and  MT3)  specificities  are  thought  to  be  related  to  an  ag2 
dimer  (Hurley  et  al.,  198A).  Although  the  associations  with  ag}  have  been 
examined  for  only  certain  of  the  DR1  thru  DRwlA  antigens,  and  there  should 
therefore  be  some  hesitation  in  accepting  these  assignments  too  firmly,  we 
shall  use  this  concept  in  the  article. 

Three  serologically  defined  antigens  are  commonly  recognized  for  the  DQ 
family:  DQwl,  DQw2  and  DQw3.  Very  little  information  is  available  regarding 
which  DQ  a  and  g  chains  are  expressed.  These  antigens  are,  thus,  simply 
referred  to  as  encoded  by  alleles  of  DQ. 
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Determinants  recognized  by  T  lymphocytes  as  associated  with  HLA  class  II 
products  have  been  defined  primarily  with  homozygous  typing  cells  (HTCs). 

Nineteen  specificities,  designatsd  Dwl  to  Dwl9,  sre  known.  Specificities 
defined  with  HTCs  are  referred  to  as  Dw  (they  are  still  ill-defined  and  thus 
referred  to  as  "workahop"  specificities);  the  term  LD  Is  used  for  Individual 
determinants  recognized  by  T  lymphocytes.  An  LD  epitope  is  presumably  moat 
ofcen  associated  with  a  single  molecular  product.  A  Dw  specificity  is  defined 
by  the  composite  response  of  T  lymphocytes  to  LD  epitopes  present  on  all 
products  of  HLA-D  and  thus  represents  a  "haplotype  designation" • 

Definition  of  the  HLA-D wl  through  Dwl9  specificities  is  baaed  on 
proliferative  responses  of  T  lymphocytes  In  a  primary  MLC  to  stimulating  cells 
that  are  putatively  homozygous,  at  least  for  the  DR  and  DQ  products  (14).  HTCs 
are  chosen  as  typing  reagents  if  1)  the  cells  do  not  stimulate  a  significant 
response  in  the  appropriate  combinations  within  the  family  from  which  they  were 
derived,  11)  they  do  not  stimulate  (or  are  weak  in  stimulating)  cells  of  other 
HTCs  used  to  "define"  the  same  Dw  specificity,  and  ill)  they  can  be  used 
successfully  to  "type"  an  unrelated  panel,  l.e.  to  distinguish  between 
unrelated  Individuals  whose  cells  respond  positively  in  MLC  to  the  HTC  and 
those  who  show  no  response  or  a  weak  response. 

HTC  testing  has  been  most  useful  in  defining  the  series  of  Dw  specifi¬ 
cities  which  represent  clusters  of  antigenic  determinants  associated  with  the 
various  class  II  products.  (Class  I  antigens  can,  when  disparate,  also  stimu¬ 
late  T  lymphocytes  to  proliferate,  albeit  weakly).  The  response  to  an  HTC 
represents  the  aggregate  reactions  of  clones  that  can  recognize  determinants 
associated  chiefly  with  DR,  DQ  and  DP.  It  depends  not  only  on  the  number  of 
determinants  carried  by  the  HTC  which  the  responding  cell  does  not  have  but  also 
on  the  "strength"  of  those  determinants,  i.e.  the  frequency  of  clones  that 
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respond  Co  Chose  disparate  determinants  and  Che  extent  of  proliferation  by  cells 
of  Chose  clones* 

The  ability  to  define  Dw  specificities  with  HTCs ,  despite  Che  ability  of  all 
HLA  produces  co  stlaulate  T  cell  proliferation,  rescs  to  a  great  extent  on  three 
factors.  First,  the  DR  product(s)  may  stimulate  most  of  the  proliferating  cells 
in  an  MLC  (Bach  et  al.,  1983),  although  there  is  only  a  little  evidence  for  this. 
Second,  loose  criteria  have  been  used  to  designate  a  typing  response;  more 
stringent  criteria,  such  as  a  10Z  to  20Z  relative  response,  would  result  in  fewer 
"typing  responses".  Third,  sufficient  linkage  disequilibrium  exists  between 
certain  alleles  encoding  DR,  DQ  and  other  specificities;  this  linkage 
disequilibrium  in  turn  leads  to  sufficient  gene,  and  thus  antigen,  sharing 
between  the  HTCs  and  the  cells  of  individuals  being  tested  to  provide  typing 
responses.  To  the  extent  that  HLA  alleles,  such  as  those  of  DP,  are  not  in 
linkage  disequilibrium  with  the  DR-DQ  combination  of  a  given  haplotype, 
stimulation  of  proliferation  by  products  of  those  DP  genes  creates  "noise",  which 
makes  more  difficult  the  assignment  of  a  Dw  specificity. 

Certain  relationships  exist  between  the  class  II  serologically  defined  (la) 
and  T  lymphocyte  defined  (Dw/LD)  specificities.  One  speaks  of  one  specificity  as 
being  "supertyplc"  to  another  (the  latter  being  called  "aubtypic"  to  the  first) 
based  on  population  studies.  For  instance,  DQwl  is  generally  supertyplc  to  DR1, 
DR2  and  DRw6;  individuals  positive  for  DQwl  can  be  divided  into  those  that  are 
positive  for  DR1,  DR2  etc.  Also,  any  individual  typing  positively  for  DRl,  DR2 
or  DRw6  is  also  likely  to  carry  the  specificity  DQwl.  The  DQ  la  and  DRw52  and 
w53  specificities  are  supertyplc  to  the  DRl-DRwl4  specificities;  in  addition, 
certain  of  the  DRl-DRwl4  specificities  are  supertyplc  to  the  various  Dw 
specificities. 
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The  Dw  specificities  defined  with  HTCs  were  first  thought  by  some  to  be  the 
equivalent  of  the  serologically  defined  DR  antigens  but  there  is  now  such 
evidence  that  one  serologically  defined  DR  specificity  can  he  associated  with 
several  Dw  subtypes  as  defined  with  HTC .  Although  the  Dw  subtypes  are  usually 
referred  to  as  being  related  to  a  given  DR  specificity,  they  also  relate  to  the 
aupertyplc  DQ  la  specificities*  Thus,  DQ  and  DR  product-associated  LD 
determinants  contribute  to  the  definition  of  the  Dw  specificity.  One  can 
appropriately  speak  of  DR4-DQw3  or  DR2-DQwl  Dw  subtypes  In  the  Caucasian 
population  In  which  DR4  is  generally  in  linkage  disequilibrium  with  DQw3  and  DR2 
with  DQwl. 

At  least  four  different  Dw  specificities  can  be  defined  within  DR4-DQw3: 

Dw4,  DwlO,  Dwl3  (formerly  D83)  and  Dwl4  (formerly  LD40);  Dwl5  (formerly  DYT)  is  a 
subtype  of  DR4  but  Is  not  associated  with  DQw3  (Relnsmoen  and  Bach,  1982). 
DR2-DQwl  can  be  split  Into  Dw2 ,  Dwl2  and  LD-MN2  (Relnsmoen  et  al.,  1985;  Bach  et 
al.,  1985).  Some  DR4+  or  DR2+  individuals  carry  “blank"  (undefined)  Dw 
specificities. 

Information  relating  to  the  Dw  specificities  has  recently  been  reviewed  In 
detail  (Bach,  1985).  The  most  Important  conceptual  point  Is  that  Dw 
specificities  are  really  "haplotype  designations"  representing  the  constellation 
of  determinants,  associated  with  the  various  class  II  products,  that  make  up  the 
Dw  specificity.  As  mentioned  earlier,  we  shall  refer  to  individual  determinants, 
recognized  by  T  lymphocytes  and  associated  with  the  class  II  products,  as  LD 
determinants. 

Por  many,  and  perhaps  all,  haplotypes  expressing  a  given  Dw  specificity,  DR, 
DQ,  and  DP  products  will  each  contribute  LD  components.  This  seems  most  likely 
but  is  proven  In  only  some  cases.  It  Is  possible,  for  Instance,  that  with 
respect  to  DR  and  DQ,  the  DR  LD  specificities  of  Dw4  and  Dwl4  are  identical 


and  the  stimulation  seen  In  a  primary  MLC  between  DR4~Dw4  and  DR4-Dwl4  Is  due  to 
disparity  between  DQw3  associated  LD  determinants. 


A  major  goal,  then.  Is  to  identify  LD  determinants  associated  with 
individual  a@  dimers.  One  approach  to  this  has  been  the  use  of  “cloned**  T 
lymphocytes  discussed  below. 

Studies  With  "Cloned"  T  Lymphocytes 

We  have  used  both  cytotoxic  T  lymphocyte  clones  and  non-cytotoxlc  clones 
that  proliferate  in  response  to  antigen  in  these  studies.  It  is  not  clear 
whether  the  determinants  recognized  by  the  two  types  of  clones  are  the  same  or 
not.  Results  obtained  with  the  two  types  of  clones,  however,  were  similar 
except  in  one  regard.  Whereas  several  cytotoxic  clones  were  found  that  detected 
determinants  associated  with  the  Dw  subtype  (see  below),  individual 
proliferating  clones  usually  had  added  reactivities.  Responding  populations  of 
antigen-proliferating  "clones"  obtained  from  plating  5  cells  per  well,  however, 
did  show  subtype  association.  Since  cytotoxic  clones  show  clearer  patterns  of 
inhibition  with  monoclonal  antibodies  than  do  non-cytotoxic,  proliferating 
clones,  we  show  those  results,  recognizing  the  above  caveat. 

We  have  studied  both  DR4-Dw4  and  DR2-Dw2  haplotypes;  the  results  are  similar 
and  we  shall  illustrate  them  for  DR2-Dw2  (Reinsmoen  and  Bach,  submitted  for 
publication).  Following  sensitization,  clones  were  tested  for  their  reactivity 
to  a  panel  of  cells  previously  characterized  for  DR,  DQ  and  Dw  specificities; 
monoclonal  antibodies  directed  at  DR  or  DQ  were  also  used  to  attempt  to  block 
clonal  reactivity.  Anti-DP  or  anti-class  I  clones  were  eliminated  from  study. 

Two  findings  of  import  came  from  these  studies.  First,  clones  were  detected  that 
reacted  only  with  cells  carrying  the  sensitizing  Dw  specificity,  i.e.  Dw2.  These 
clones  did  not  react  with  DR2  positive  cells  carrying  other  Dw  specificities 
(e.g.  DR2-Dwl2  or  DR2-FJ0  or  DR2-LD5a)  nor  with  DR2  negative  cells.  These 
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clones,  thus,  detected  a  determinant s)  that  had  the  population  distribution  of 
the  Dw2  subtype  (Table  1).  Some  of  these  Dw  subtype  specific  clones  could  be 
blocked  utilizing  antl-DR  mAb  whereas  others  were  blocked  by  antl-DQ  mAb.  It 
would  appear,  therefore,  that  determinants  associated  with  both  DR  and  DQ  can  be 
correlated  with  the  Dw  subtype  designation  as  defined  with  HTCs. 

Second,  in  both  the  DR4-Dw4  and  the  DR2-Dw2  sensitizations,  clones  were 
detected  that  appeared  to  recognize  a  determinant  associated  with  what  may  be  the 
DRaf$2  related  DR  la  specificity,  i.e.  DRw53  for  the  DR4  situation  and  a  presumed, 
and  as  yet  unnamed,  ”DRw5l”  specificity  for  DR2.  Assignment  of  the  antigen 
specificity  recognized  by  these  clones  was  made,  once  again,  based  on  both  panel 
testing  and  blocking  with  mAb.  For  DRw53  associated  recognition,  we  used  PL3,  an 
mAb  obtained  from  Knowles,  Dupont  and  their  colleagues,  who  have  characterized 
this  antibody  (Horlbe  et  al«,  1984;  Knowles  et  al.,  submitted  for  publication). 
For  the  presumed  DR2  associated  DRa$2  specificity,  we  used  an  mAb  (Kasahara  et 
al.,  1983)  which  has  been  studied  for  Its  ability  to  block  T  cell  reactivity 
(Nlshlmura  et  al,  1985),  and  which  we  believe  may  react  with  a  determinant  that 
Is  encoded  by  a  gene  allelic  to  those  encoding  DRw52  and  DRw53,  an  Interpretation 
also  recently  given  by  Sone  et  al.  (1985). 

The  above  studies  with  cloned  T  lymphocytes  deal  with  DR  and  DQ.  With 
regard  to  DP,  we  have  suggested  that  that  DP  polymorphism  may  be  analogous  to  a 
Dw/LD  subtype  polymorphism  such  as  that  which  Is  subtyplc  to  DR4  (Nlcklas  et  al., 
1985;  Bach,  1985).  Recent  results  that  we  have  obtained  suggest  complexity  of 
the  DP  region  in  addition  to  that  defined  as  the  DPwl-DPw6  segregant  series.  In 
studying  an  mAb  derived  by  Trowbridge  and  colleagues  (Royston  et  al.,  1981),  we 
were  able  to  demonstrate  that  this  mAb  reacted  with  HLA  class  II  molecules  other 
than  DR  and  DQ  (Watson  et  al.,  1983;  Linner  and  Bach,  1984).  The  non-DR,  non-DQ 
reactivity  of  the  mAb,  which  we  referred  to  as  antl-FA,  was  confirmed  In  the 
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International  Histocompatibility  Workshop,  and  shown  to  be  very  specific  to  the 
DP  family  (Crumpton  et  al.,  1984). 

Recently,  we  have  used  this  mAb  to  block  cloned  T  lymphocytes  reactive  with 
DP  region  encoded  molecules  based  on  mapping  studies  with  HLA  deletion  mutants. 
Anti-FA  blocks  cloned  cytotoxic  T  lymphocytes  that  appear  to  detect  determinants 
identical  to,  or  very  highly  associated  with,  the  relevant  DP  specificity  as 
defined  with  primed  lymphocyte  typing  (PLT)  reagents  (Ohta  et  al.,  1985;  Ohta  and 
Bach,  submitted).  (The  caveat  regarding  the  potential  difference  between 
determinants  seen  by  non-cytotoxic  vs.  cytotoxic  cells  also  obtains  here.)  This 
is,  thus,  the  first  evidence  that  the  anti-FA  mAb  presumably  reacts  with  the 
protein  dimer  that  expresses  the  DPw  specificities  defined  with  T  cell  reagents. 

By  utilizing  blocking  with  an  mAb  obtained  from  Dr.  Peter  Wernet,  Tu39,  we 
have  found  that  certain  cytotoxic  T  lymphocyte  clones  detect  a  DP  region  encoded 
determinant  that  is  not  associated  with  any  known  specificity  of  the  PLT-defined 
DPw  segregant  series  (DPwl-DPw6).  We  have  referred  to  this  determinant  as  N01. 
Clones  detecting  N01  are  blocked  by  TU39  and  not  anti-FA.  (Ohta  and  Bach, 
submitted) . 

We  have  used  the  anti-FA  mAb  to  study  DP  region  encoded  at-and  B-chain 
polymorphism.  We  have  shown  extensive  B-chain  polymorphism  that  overall 
appears  to  show  correlation  with  the  DPw  type.  Exceptions  that  exist  to  this 
correlation  between  Isoelectric  focusing  of  DP  8-chains  detected  with  anti-FA 
and  the  DPw  phenotype  (Linner  and  Bach,  1984)  could  have  two  explanations. 

First,  protein  polymorphism  need  not,  necessarily,  be  correlated  with 
determinants  recognized  by  T  lymphocytes.  Second,  some  of  the  polymorphism 
seen,  that  does  not  correlate  with  the  DP  phenotype,  may  reflect  polymorphism 
related  to  determinants  such  as  N01. 


In  summary,  then,  we  have  provided  evidence  that  determinants  associated 
with  both  DR  and  DQ  contribute  to  subtype  designations;  further,  determinants 
associated  with  a  presumed  DR0182  dimer  are  recognized  by  cloned  T  lymphocytes. 
Further,  DPw  specificities  may  represent  a  polymorphism  similar  to  the  Dw/LD 
subtype  polymorphisms  of  a  serologically  defined  DR  specificity,  such  as  DR4. 

It  was  with  a  view  to  obtaining  further  information  regarding  T  lymphocyte 
recognition  that  the  molecular  studies,  described  below,  were  done. 

PROTEIN  STUDIES 

Molecular  Basis  for  LD/Dw  Subtypes 

In  an  attempt  to  detect  a  molecular  polymorphism  at  the  protein  level  that 
correlated  with  the  Dw  subtypes,  we  studied  DR4  3  chains  (Groner  et  al.,  1983, 
Bach  and  Watson,  1983).  HTCs  from  several  DR4+  individuals  whose  cells 
expressed  different  Dw  subtypes  were  used  in  these  studies.  Ine  radiolabeled 
DR  products  were  precipitated  by  a  monoclonal  antibody  directed  at  DR  and 
analyzed  in  a  two  dimensional  SDS-IEF  gel.  We  found  a  very  strong  correlation 
between  IEF  positions  of  DR4  8  chains  and  their  Dw  subtype.  Four  different 
focusing  patterns  were  found  for  the  five  different  subtypes  studied  (8  chains 
of  Dw4  and  Dwl4  cells  focused  identically);  all  8  chains  from  cells  of 
different  individuals  expressing  the  same  Dw  subtype  focused  identically 
(Figure  1).  Similar  results  were  obtained  after  neuraminidase  treatment  of  DR 
8  chains,  eliminating  the  possibility  that  charge  differences  are  due  to  sialic 
acid  moieties  (Bach  and  Watson,  1983).  Nepom,  Hanson  and  their  colleagues 
(1983)  have  obtained  similar  results. 

Digestion  of  DR  8  chains  with  or-chymotrypsin,  which  cleaves  the  8  chain 


between  the  first  and  second  domains  to  yield  two  fragments  that  correspond 
closely  to  the  protein  products  of  the  first  and  second  exons  for  DR  8  (Kaufman 
and  Strominger,  1982),  revealed  that  the  protein  differences  resulting  in 
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positional  variation  In  IEF  of  the  different  $  chains  resides  In  the  N-termlnal 
domain  of  the  molecule  (Bach  and  Watson,  1983).  Although  the  most  reasonable 
Interpretation  of  these  results  la  that  the  protein  polymorphism  correlates  with 
the  presence  of  determinants  recognized  by  T  lymphocytes,  It  Is  Important  to 
note  that  despite  the  very  strong  correlation  of  Dv  subtypes  with  positional 
variation  In  IEF,  protein  polymorphism,  detected,  for  example,  by  IEF,  does  not 
necessarily  identify  the  determinant  recognized  by  T  cells;  further.  Identity  In 
2-dlmenslonal  gels  does  not  prove  protein  or  LD  identity.  As  shown  In  figure  2, 
for  Instance,  Dw4  and  DwlA  0  chains  do  differ  In  their  peptide  maps  following 
trypsin  digestion  and  analysis  on  high  performance  liquid  chromatography  (HPLC) 
(23),  even  though  no  differences  were  seen  between  these  proteins  in  the  SDS-IEP 
system  (Bach  et  al.,  198A).  Although  the  majority  of  studies  such  as  these 
performed  to  date  have  examined  the  DR  product,  work  from  several  laboratories 
has  revealed  differences  in  Isoelectric  focusing  between  DQ  6  chains  associated 
with  a  single  DQ  la  specificity  (Nepom  et  al.  1984;  Bach  et  al.,  1985).  The 
molecular  polymorphism  of  DR  and  DQ  8  chains,  which  is  more  extensive  than  the 
serologically  defined  polymorphism.  Is,  thus,  probably  partly  related  to  class  II 
product  associated  LD  polymorphism. 

Recently,  Nlshlmura,  Sasasukl  and  their  colleagues  (1984)  have  provided  an 
Important  addition  to  these  studies.  At  least  two  separate  DR  8  chains 
are  revealed  by  IEF-SDS  two-dimensional  analysis.  These  workers  have  shown 
that  In  DR2+  cells,  a  protein  which  they  refer  to  as  DR8i  is  invariant  whereas  a 
82  molecule  Is  positioned  differently  in  preparations  from  Dw2  and  Dwl2  cells. 
However,  when  a  DR2-negative  responding  cell  is  stimulated  by  a  DR2-posltlve 
cell,  LD  determinants  apparently  associated  with  both  0^  and  82  can  stimulate 
proliferation  as  demonstrated  by  mAb  blocking  experiments.  The  suggestion  Is 
that  the  differences  detected  In  IF.F  associated  with  the  02  chain  are 
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responsible  for  the  definition  of  Dw2  and  Dwl2  as  subtype  specificities. 
Further  studies  will  be  needed  to  evaluate  whether  LD  determinants  that  can  be 
recognized  between  two  Individuals  who  share  the  same  serologically  defined  DR 
specificities,  but  differ  in  their  Dw/LD  subtype,  can  also  be  associated  with 
what  Nishimura  et  al.  refer  to  as  the  chain,  a  situation  that  seems  quite 
likely.  Individual  and  &2  proteins  cannot  be  related  to  the  genes  that  are 
referred  to  as  @1  and  @2  Riven  our  present  state  of  knowledge. 

DNA  STUDIES 

SOUTHERN  STUDIES  OF  Dw  SUBTYPES 

We  undertook  a  Southern  blot  analysis  of  restriction  fragment  length 
polymorphism  (RFLP)  In  the  Dw  subtypes  of  DR4  and  DR2  (Nlcklaa  et  al.  1985; 
Segall  et  al.,  1985).  In  addition,  we  were  Interested  In  the  frequency 
with  which  RFLP  could  be  demonstrated  as  being  associated  with  Dw  subtypes 
within  the  DR4  or  DR2  la  specificities  as  compared  with  RFLP  seen  between 
different  DR  la  specificities. 

Since  DR U  and  DQ0  probes  are  known  to  cross-hybrldlze ,  depending  on 
hybridization  conditions,  a  comparison  was  made  of  the  restriction  fragment 
patterns  obtained  with  the  two  probes.  Chromosomal  DNA  was  cleaved  with  4 
different  restriction  enzymes  and  run  In  duplicate  on  a  single  gel,  then  half 
the  blot  of  this  gel  was  probed  with  the  DR  6  probe  and  half  with  the  DQ  8 
probe.  In  most  Instances,  the  darkest  bands  obtained  with  one  probe  were 
lighter  on  the  half  of  the  blot  on  which  the  other  probe  was  used.  This 
suggests  that  the  difference  in  band  intensity  reflects  preferential 
hybridization  of  DR fci  and  DQ0  probes  with  DR8  and  DQp-aasociated  fragments 
respectively;  faint  bands  occur  as  a  result  of  cross-hybridlzatlon.  Bands 
which  were  faint  with  both  probes  may  be  DP  associated  fragments.  From  these 


results,  It  sppesrs  that  the  restriction  fragments  coding  for  the  different 
genes  can  be  differentiated  by  the  Intensity  of  hybridization. 

Initial  experiments  were  done  using  the  DQ  3  probe.  DNA  preparations  from 
eight  DR4  HTCs  (3  Dw4,  2  DwlO,  2  Dwl4,  1  Dwl5)  were  compared  after  digestion 
with  10  restriction  enzymes  (BamHI,  Bgll,  BstEII,  EcoRI,  Hlndlll,  Kpnl,  PstI, 
PvuII,  SacI,  Xbal).  Figure  3  shows  a  Southern  blot  of  the  "DR4  DNAs"  cleaved 
with  PstI.  HAS- 15  (Dwl5) ,  Lane  1,  shows  a  fragment  of  4.1  kb  which  Is  mlaslng 
from  all  the  other  samples  while  the  12.5  kb  fragment  present  In  all  other 
samples  Is  lacking.  LS40  (Dwl4),  Lane  2,  appears  to  be  heterozygous  for  the 
change  seen  In  HAS- 15  as  It  has  both  the  4.1  kb  and  12.5  kb  specific  bands  but 
at  half  intensity. 

Differences  between  the  DMA  preparation  from  the  8  DR4  cell  lines  were 
only  seen  with  2  of  9  other  enzymes  tested.  With  Bgll  a  7.2kb  fragment  which 
was  present  as  a  band  of  high  Intensity  In  5  of  the  DKA  preparations,  was 
absent  from  the  HAS  (Dwl5)  DNA  and  present  but  of  lighter  Intensity  (suggesting 
possible  heterozygosity)  In  JS  (Dw4)  and  LS40  (Dwl4).  Additionally,  following 
Bgll  digestion,  HAS  (Dwl5)  DNA  lacked  a  2.4  kb  fragment  detected  in  all  7  of 
the  other  DNA  preparations.  Southern  blotting  analysis  of  BstEII  digested  DNA 
offered  the  only  other  detectable  difference,  a  2.5  kb  band  which  appeared  for 
LS40  (Dwl4)  DNA,  but  in  none  of  the  other  preparations.  No  differences  were 
seen  which  were  consistent  for  any  Dw  type  where  more  than  one  HTC  was 
studied. 

Using  the  DR  8  probe,  one  example  of  each  of  four  Dw  types  (BSM-Dw4, 
LS40-Dwl4,  HAS-Dvl5,  AL-10-Dwl0)  was  tested  with  12  restriction  enzymes  (Apal, 
BamHI,  Bgll,  Bglll,  BstEII,  EcoRI,  Hlndlll,  Kpml,  PstI,  PvuII,  SacI,  TaqI)  to 
search  for  RFLP  between  Dw  subtypes.  The  only  differences  were  detected  using 
Bgll;  therefore,  a  Southern  blot  was  prepared  using  this  enzyme  to  digest  all  8 


of  the  DNA  preparations  from  DR4  cell  lines  from  4  Dw  types  (see  Figure  3).  A 
5.8  kb  fragment  was  found  in  DNA  from  HAS  (Dwl5,  lane  3),  CHOP40  (Dwl4,  Lane  2) 
and  ALIO  (DwlO,  lane  5)  which  was  not  present  in  other  cells;  additionally,  the 
20  kb  band  of  HAS  (Dwl5)  DNA  appears  to  be  of  lighter  intensity  than  that  of 
the  other  preparations. 

The  initial  impetus  for  this  study  using  Southern  blotting  was  the  hope  of 
finding  Dw  associated  DNA  polymorphisms  in  the  DR4  cells  to  complement 
identification  of  Dw  associated  protein  polymorphisms  initially  described  from 
this  laboratory  (Croner  at  al.,  1983;  Bach  and  Watson,  1983).  Although  a  few 
differences  were  found,  they  were  rather  rare  and  there  was  no  obvious 
correlation  of  RFLP  with  Dw  type.  As  this  was  a  somewhat  unexpected  result, 
comparisons  of  different  DR  la  types  were  made  to  demonstrate  that  RFLP  could 
Indeed  be  detected  by  our  protocol.  As  described  by  others  (Paulsen  et  al., 
1984;  Cohen  et  al.,  1984),  frequent  RFLP  was  detected  using  every  restriction 
enzyme  tested,  indicating  that  DR  or  DQ  la  associated  RFLP  Is  much  more 
extensive  than  Dw-assoclated  related  RFLP  (Nicklas  et  al.,  1985). 

Our  finding  of  an  RFLP  difference  between  DR4-Dwl5  (HAS)  and  other  Dw 
subytpes  of  DR4  with  a  DQ  B  probe  is  not  surprising  since  DR4-Dwl5,  unlike  the 
other  subtypes  of  DR4,  is  not  associated  with  DQw3.  The  difference  in  this 
case  may,  thus,  involve  a  DQ  la  difference. 

We  have  also  studied  the  DR2  family  of  subtypes:  Dw2,  Dwl2,  (LD-5a,  a 
DR2 -associated  specificity)  related  to  the  DB9  specificity  defined  in  the 
Eighth  International  Histocompatibility  Workshop.  Using  a  series  of  DR2+ 

HTCs,  we  have  found  RFLP  that  appear  to  be  associated  with  subtype  (Segall  et 
al.,  1985).  For  example,  an  Eco  RI  fragment  of  about  4.3  kb,  detected  with 
the  DR0  probe,  was  found  in  the  Dwl2  HTCs  but  did  not  appear  in  either  Dw2  or 
LD-5a.  Although  the  Dw2  and  Dwl2  cells  were  DQwl  and  the  LD-5a  cells  were 


5 


DQw3 ,  the  RFLPs  detected  with  the  DQ0  probe  appeared  to  be  related  to  Dw 
subtype  and  not  to  DQv  specificity;  for  example,  a  2.2  kb  Eco  RI  fragment  waa 
present  only  In  the  Dv2  HTCa  and  not  In  Dtrl2  or  LD-5a. 

We  also  tested  several  heterozygous  cells  carrying  the  DR2-assoclatad 
PLT-deflned  specificity  LD-MN-2  (Bach  et  al.,  1985).  By  PIT  analysis,  LD-MN2 
Is  related  to  the  DB9  group,  as  are  the  HTCs  FJO  and  AZH  (Relnsmoen  et  al., 
1984),  although  LD-MN2  cells  do  not  give  typing  responses  to  the  LD-5a  or  FJO 
HTCs.  LD-5a,  LD-MN2  and  FJO-AZH  can  all  be  distinguished  from  one  another  by 
polymorphism  for  at  least  one  restriction  fragment  detected  with  either  a  DR0 
or  DQU  probe.  In  all  cases,  however,  the  RFLP  differences  between  subtypes  are 
very  much  less  pronounced  than  the  differences  between  different  DR  la 
specificities. 

Thus,  although  RFLP  patterns  detected  by  Southern  blotting  and  associated 
with  different  DR-DQ  la  specificities  are  easily  shown,  It  appears  more 
difficult  to  define  RFLP  patterns  associated  with  the  various  cellularly 
defined  subtypes  of  the  serologically  defined  DR4  and  DR2  specificities.  This 
Is  compared  quantitatively  In  Table  2.  Since  RFLP  sites  leading  to  differences 
In  Southern  blots  are  present  not  only  within  exons  encoding  the  various  class 
II  products,  but  also  presumably  within  introns  and  flanking  sequences,  a  model 
of  D  region  molecular  evolution  consistent  with  these  data  might  suggest  the 
following. 

First,  there  has  been  sufficient  time  in  evolution  for  the  accumulation 
of  DNA  sequence  variation  In  introns  and  flanking  regions  during  the 
establishment  of  the  DR-DQ  la  polymorphism.  This  would  result  in  the  RFLP 
differences  noted. 

Second,  the  HLA  haplotypes  currently  found  In  our  population  are  derived 
from  a  very  few  ancestral  HLA  haplotypes  already  carrying  (expressing)  the  DR 
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and  DQ  la  polymorphisms  as  well  aa  mutations  in  introns  and  flanking  regions 
associated  with  each  la  specificity.  The  existence  of  only  these  very  few 
haplotypea  (defined  by  RFLP)  would  perhaps  be  due  to  an  evolutionary 
"bottleneck(s)"  or  population  crisis.  The  presence  of  only  one,  or  a  very 
few,  ancestral  haplotypea  for  each  la  specificity  with  its  (their)  particular 
complement  of  aasoclated  mutations,  would  account  for  the  specific  RFLP 
patterns  associated  with  each  DR  la  specificity  (Cohen  et  al.,  1984;  Anderason 
et  al.,  1984). 

Third,  the  Dw  specificities  that  we  recognize  as  subtypes  of  various  DR-DQ 
la  specificities  are  of  more  recent  evolutionary  origin,  i.e.  there  has  not 
been  time  for  che  accumulation  of  much  DNA  sequence  variation,  including  that 
in  introns  and  flanking  regions,  associated  with  each  Dw  subtype  and,  thus, 
there  is  little  Dw  subtype-aasociated  RFLP. 

Fourth,  the  organism  with  a  new  Dw  mutation  may  have  a  selective 
advantage,  very  possibly  Immunological,  perhaps  by  being  heterozygous  or  simply 
by  being  relatively  rare.  In  the  case  of  selective  advantage  of  mutation, 
changes  in  DNA  encoding  proteins  will  accumulate  more  rapidly  than  changes  in 
DNA  leading  to  restriction  site  polymorphism,  since  the  latter  presumably  will 
not  be  selectively  maintained  in  the  population  as  long  as  they  do  not  affect 
the  protein  product  favorably.  Since  serologically  detectable  changes  do  not 
seem  to  have  accumulated  appreciably  more  rapidly  than  restriction  site 
changes,  cellular  determinants  of  the  DR-DQ  molecules  may  be  more  strongly 
favored  in  evolutionary  selection  than  the  serological,  a  possibility  which  has 
Important  Immunologic  ramifications. 

SEQUENCING  OF  CLASS  II  3  GENES 

Although  very  few  sequences  are  available  for  HLA  class  II  0  genes 
(41-x),  it  seems  that  there  are  at  least  three  areas  within  the  first  exon 
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(encoding  the  N  terminal  domain  of  the  protein)  that  appear  to  be  more  variable 
than  other  stretches  of  DR  0  DNA.  It  Is  impossible  to  know  which  sequence 
variation  may  relate  to  the  encoding  of  LD  determinants  since  sequences 
available  to  date  have  been  from  cells  carrying  different  DR  la  as  well  as 
different  Dw/LD  specificities* 

In  an  attempt  to  Investigate  this  question,  we  have  prepared  cDNA 
libraries  from  DR4  HTCs  that  differ  with  regard  to  the  Dw  subtypes  that  they 
express  (Calms  et  al.,  1985).  Sequences  of  two  DR  0  cDNAs  that  we  have 
obtained  from  a  DR4-Dwl4  HTC  are  Identical  with  two  exceptions.  First,  there 
are  thirty  additional  amino  acids  encoded  by  the  3'  end  of  one  of  these  clones 
(LSI. 1.1).  Second,  the  3'  untranslated  region  of  that  same  clone  bears  no 
sequence  homology  with  the  second  clone  (LS5.8.1)  or  with  the  3'  untranslated 
region  of  any  published  class  II  cDNA  sequence. 

The  sequence  at  the  3'  end  of  LSI. 1*1  has  been  compared  to  several  genomic 
DR  0  genes  (Larharamar,  Peterson,  personal  communication).  It  appears  that  the 
region  encoding  the  last  61  nucleotides  at  the  3'  end  of  the  coding  sequence, 
and  the  remaining  3'  untranslated  region  of  our  clone  are  approximately  85% 
homologous  with  an  Alu-1  type  repetitive  element  found  3'  to  the  6th  (last) 
exon  of  a  DR  0  pseudogene.  The  63  nucleotides  Immediately  5'  to  this  region  of 
our  cDNA  clone  show  nearly  90%  homology  with  the  junction  between  the  5th  exon 
and  the  5'  end  of  the  Intron  separating  the  5th  from  the  6th  exons  of  the  DR  8 
pseudogenes  (Larhammar  et  al.,  1985).  This  degeree  of  homology  between  our 
clone  and  the  DR  0  pseudogene  makes  It  unlikely  that  the  unusual  sequence  at 
the  3'  end  of  our  clone  is  the  result  of  some  artifact  occurring  during  the 
cloning  procedure  but  supports  instead  the  concept  that  the  two  clones  we  have 
sequenced  represent  differentially  processed  transcripts  of  the  same  gene. 


IB 


Surprisingly,  the  sequences  we  obtained  from  our  two  clones  from  the 
DR4-Dwl4  HTC  were  Identical  to  a  DR  A  sequence  obtained  by  Long,  Mach  et  al. 
(unpublished  data)  from  a  cell  that  we  have  Identified  as  most  probably 
carrying  a  DR4-Dw4  haplotype  or  at  least  components  of  a  Dw4  haplotype  with  the 
exception  of  three  nucleotides  which  result  in  two  amino  acid  differences,  one 
a  lysine  to  arginine  substitution  at  position  71,  the  second  at  position  86  of 
the  first  domain  resulting  in  a  glycine  to  valine  substitution.  Although  at 
present  it  is  difficult  to  assign  the  clones  we  have  sequenced  to  a  particular 
DR  3  locus,  these  results  may  indicate  that  major  differences  recognized  by  T 
cells  on  DR  molecules  may  be  conferred  by  relatively  minor  changes  in  the  amino 
acid  sequences  of  these  molecules,  a  result  similar  to  the  situation  regarding 
T  cell  recognition  of  class  I  molecules. 

SOME  COMMENTS 

Despite  these  advances,  there  are  some  areas  in  which  there  Is  at  least 
some  measure  of  current  difficulty.  We  discuss  Just  ona  of  these,  once  again 
with  focus  on  certain  data  obtained  in  our  own  laboratories. 

There  is  the  question  of  interrelating  class  II  genes,  proteins  and 
reactive  T  cells.  Monoclonal  antibodies  can  be  used  to  block  reactivity  of 
cloned  T  cells  and  thus  permit  tentative  assignment  of  those  T  cells  to  a 
particular  protein,  although  such  blocking  studies  cannot  be  interpreted 
unambiguously  (Strassmann  et  al.,  1985;  Anlchlni  et  al.,  1985).  Further,  the 
very  high  degree  of  homology  of  different  class  II  A  genes,  especially  within  a 
family,  with  the  non-availability  of  probes  that  are  specific  for  different 
loci  of  DR,  for  instance,  does  not  make  easy  present  assignment  of  DNA 
sequences  to  DR  8i,  DR  32*  or  DR  83  proteins. 


The  two  DR  8  sequences,  determined  in  our  own  laboratories  and  referred  to 
herein  (Cairns  et  al.,  1985),  are  Illustrative  of  these  difficulties.  In  their 


coding  regions  with  the  exception  of  the  added  30  anlno  acids  in  one  of  them, 
our  sequences  are  Identical  to  a  sequence  determined  by  tong  and  co-workers 
(unpublished  data)  with  the  exceptions  discussed  Immediately  above.  Since  we 
were  able  to  determine  the  phenotype  of  the  cell  from  which  tong  obtained  his 
sequence  as  one  probably  having  a  DR4-Dw4  haplotype  (or  at  least  components  of 
a  Dw4  haplotype) ,  we  have  suggested  that  the  two  amino  acids  which  differ 
between  these  sequences  result  in  major  differences  in  the  molecule  which  are 
recognized  by  T  cells  (Cairns  et  al.,  in  preparation).  However,  the 
possibility  remains  that  the  clones  we  have  sequenced  represent  transcripts  of 
a  relatively  conserved  gene  which  ia  apparently  not  recognized  by  available  T 
lymphocyte  typing  reagents.  Indeed,  sequencing  of  3  DR  3  genes  at  the  genomic 
level  in  a  DR4-Dw4  HTC  (Larhammar  et  al.  1985,  and  personal  communication)  has 
not  turned  up  sequences  showing,  as  compared  to  our  clones  or  that  of  tong, 
minimal  differences  such  as  those  we  have  described. 

It  is  to  be  expected  that  problems  such  as  these  will  soon  be  solved.  The 
armamentarium  of  techniques  available  for  study  of  class  H  molecules  including 
the  use  of  cloned  T  cells  detecting  alio-  and  restricting  determinants, 
monoclonal  antibodies  defining  class  II  protein  products,  cDNA  constructions  of 
sequenced  genes  that  have  been  changed  by  site  directed  mutagenesis  and  their 
subsequent  transfections,  and  others  will  rapidly  allow  definition  and  further 
understanding  of  T  lymphocyte  stimulating  determinants. 
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Table  II. 

RFLP  within  and 

between 

DR  specificities 
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Average  Bands/Comparison 

Comparison 

Comp 

Different 

Same 

within 

DR4-Dw4 
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6.64 

within 

DR4-DwlO 
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0.17 

7.33 

within 

DR4-Dwl4 

1 

0.25 

7.38 

within 

DR4 

45 

0. 14 

7.25 

within 

DR2-Dw2 
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8.68 

within 

DR2-Dwl2 

1 

0 

8.75 

within 

DR2-LD-5a 

1 

0.25 

8.50 

within 

DR2 

28 

0.63 

8.12 

among  DR1  through  7 

21 

5.33 

4.38 

FIGURE  LEGENDS 


Figure  1 

Figure  la  demonstrates  results  of  Isoelectric  focusing  (In  an 
SDS-PACE — IEF  system)  of  DR  3  chains  lmraunopreclpated  from  HTCs  expressing  the 
Dw  subtypes  shown.  Dw4  and  Dwl4  focus  Identically,  Dwl5  focuses  more 
basically  and  DwlO  markedly  more  acldlcally.  In  figure  lb  are  the  same 
results  following  treatment  with  neuraminidase.  The  differential  focusing 
position  In  IEF  Is  maintained  suggesting  that  It  la  the  primary  protein 
structure  that  differs. 

Figure  2 

Two  HTC,  one  expressing  Dw4  (MJ4)  and  the  other  Dwl4  (CHOP40),  were 
metabollcally  labelled  with  14C  and  3H  arginine,  respectively.  Following 
labelling,  the  cell  extracts  were  mixed  and  handled  together.  The  N  terminal 
fragments  (following  a-chymotryptlc  digestion)  of  DR  fl-chalns 

immunopreclpltated  with  L243  were  subjected  to  trypsin  digestion  and  separated 
on  a  hydrophobic  (HPLC)  column.  As  can  be  seen,  the  two  chains  showed  a  very 
high  degree  of  homology.  However,  each  has  at  least  one  peptide  peak  that  la 
not  present  In  the  other.  MJ4  has  a  peptide  around  fraction  number  118  that  Is 
not  present  In  CH0P40  and  CHOP40  has  a  peptide  position  126  that  Is  not  present 
In  MJ4. 

Figure  3 

DNA  from  eight  DR4  LCL's  cleaved  with  restriction  enzyme  Pstl.  Lane  1  is 
a  Dwl5  (HAS).  Lanes  2  and  3  are  Dwl4's  (LS40  and  CHOP40  respectively).  Lane  4 
Is  empty.  Lanes  5  and  6  are  DwlO's  (2046  and  ALIO  respectively)  and  Lanes  7,  8 
and  9  are  Dw4's  (BSM,  MJ4  and  LL4  respectively). 


DNA  from  Che  Dw  subtypes  cleaved  with  Bgll.  Lanes  1  and  2  are  Dwl4's 
(LS40  and  CH0P40  respectively) •  Lanas  3  Is  a  Dwl5  (HAS).  Lanes  4  and  5  are 
DwlO's  (2046  and  ALIO  respectively)  and  Lanes  6-9  are  Dw4's  (JS,  LL4,  MJ4  and 
BSM  respectively). 


